Successful total parenteral nutrition in acute illness requires an appreciation of the pathophysiology of the illness and an understanding of the nutritional state of the patient, as well as a knowledge of the principles of total parenteral nutrition. Management of the acutely ill patient's general condition is essential prior to the introduction of nutritional support. A basic regimen which includes administration of 1-2g/kg/day of protein, and 8,400 kJ (2,000 kcal)/day of energy, part glucose and part lipid, together with all minerals, vitamins and zinc, in an appropriate amount of water, should be provided. Modifications to this regimen may be indicated to accommodate cardiac, respiratory, liver or renal failure. The questions of the optimum mix of carbohydrate and lipid, the ideal amount of protein and the correct mix of amino acids for a particular period in an individual patient's illness, are still debated. The fact that recent research supports many of the postulates of the Scandinavian pioneers of total parenteral nutrition suggests we may be returning to a correct approach.
postoperatively) he developed supraventricular arrhythmias, and became confused. Laboratory results at this stage indicated acute renal failure, even though urine output was high.
On day 10 (4 days postoperatively) there was increasing abdominal distension, shock, and oliguria. At repeat laparotomy there was purulent peritonitis, and peritoneal lavage was performed. The patient was transferred postoperatively to the intensive care unit of a major hospital. On day 11 after admission, the following assessment of this man was made.
Gastrointestinal system
Haemorrhagic pancreatitis, pancreatic abscess, purulent peritonitis and paralytic ileus, with three abdominal drains, and T-tube drainage of the common bile duct. Distended abdomen. Mild jaundice.
Cardiovascular system
Shock, requiring catecholamine infusion.
Swan-Ganz catheter inserted, revealing a high cardiac output, low systemic peripheral resistance state, with no significant change when dobutamine was replaced by dopamine or adrenaline. Supraventricular tachycardia and atrial fibrillation responding eventually to digoxin.
Respiratory system
Noncardiogenic interstitial pulmonary oedema, requiring increased inspired oxygen concentration, large minute volume and positive end expiratory pressure to maintain acceptable blood gases.
Renal system
Vasomotor nephropathy, requiring haemodialysis. Anuria.
Metabolism
Fluid, electrolyte and acid base balance controlled by manipulation of input, and by dialysis. 
Haemopoietic system
No active bleeding, but prolonged prothrombin time, activated partial thromboplastin time, and low platelet count.
Central nervous system
Obtunded by morphine and diazepam. Pupils equal and reactive. Responds to pain by moving all limbs.
Nutrition
Receiving 4,184 kJ (1000 kcal) per day from glucose, with 50 g protein in one litre of fluid. No electrolytes or trace elements added. Water soluble vitamins given daily.
Infection
Cultures of urine, sputum and blood showed no growth. Culture of drain fluids revealed mixed growth.
Plan of management
Maintenance of adequate circulation and ventilation, correction of electrolyte and acid base abnormalities, pain relief, administration of appropriate antibiotics, haemodialysis, maintenance of adequate nutrition. Observation to detect indications for further surgery.
REVIEW OF NUTRITION
A number of steps in the formal approach to parenteral nutrition had already been taken, but will be reviewed in sequence.
Indications
Without parenteral nutrition this man will die, just as surely as he will without water or oxygen. None of them predicts accurately what nutrition can usefully be utilised.
Contra-indications
There are none. Enteral nutrition of any type is not possible in this type of patient. Formal nutritional assessment is not required, since results do not influence the decision to feed. The only decisions which need to be made are those relating to the volume and composition of the solutions to be given, bearing in mind the patient's circulatory, respiratory and renal failure and drug therapy.
Venous access
Venous access in this type of patient can be difficult, and multiple venous access is often required. There are controversies here, but general agreement that a 15-20 cm (6-8") polyurethane catheter inserted using a fine needle, flexible tip guidewire, infraclavicular approach to the subclavian vein, is probably superior to any other technique. It is often safer than using a large bore, large bevel needle, even after attempts to correct coagulation defects have been made.
Decisions about venous access now include decisions about the approach to multiple venous access in this type of patient -'piggybacking', 3-or 4-way taps, or use of double-or triple-lumen central venous catheters. The internal jugular route is also commonly used in the Intensive Care setting. 6 Tunnelling of catheters has not been shown to decrease infection,7 and dressing of other insertion sites is more difficult. Complications of central venous catheterisation are many in type, but rare in occurrence. 8 Pneumothorax, the most common, occurs in 1-3070 of insertions in expert hands, and 12070 or more in amateur hands. Perforation of the heart, which occurs very rarely, has a mortality of 80070. Central vein thrombosis is a major, but not usually = 3189 kcal (13343 kJ) Quebbeman's formula: 2 Without parenteral nutrition this energy will be derived from the patient's skeletal muscle predominantly, and some from fat. Nomograms for calculations of metabolic requirements, and prediction of resting energy expenditure of patients have been devised. 3, 4, 5 • clinically evident complication. 9 Use of polyurethane catheters appears to be as effective as addition of heparin to solutions in achieving a low incidence of thrombosis. ID Catheter care is now well understood by trained ICU staff, and includes dressing of the catheter site with a sterile, clear dressing of the Opsite* type, 11 and pursuance of a protocol of dressing and drip tubing change. In this type of patient, ' 
Volume and composition of solutions
The question of volume and composition of solutions to be administered is best approached in a stepwise manner. The volume of fluid tolerated will depend upon the patient's state of hydration, vascular volume, degree of interstitial pulmonary oedema, ability to tolerate haemodialysis, fluid losses from routes such as nasogastric tube, drains, fistulae and urine, and fluid input for other essential reasons such as administration of drugs, blood, etc. Insensible loss is often imponderable. It is not uncommon to have to restrict TPN fluids to 1.0 litre per day in anuric patients, although those with excessive fluid loss may tolerate 3 or 4 litres.
The composition of TPN solutions given is open to debate. The metabolic problem in sepsis is that there is a progressive inability of the skeletal muscle mass to appropriately use carbohydrate and fat. 13 There is increasing use of amino acids, especially branched chain amino acids derived from skeletal muscle, as a fuel source. This appears to be a mitochondrial metabolic failure problem. Inability of the cell to utilise nutrients, even though they abound, is analogous to the inability of cells to use oxygen in cyanide poisoning, even though oxygen is there to be used.
There is increased secretion of catecholamines, glucagon, glucocorticoids and growth hormone, with resultant gluconeogenesis. Non-branched chain amino acids released from muscle are converted to glucose, which cannot be fully utilised, and to ammonia.
If one adds to this picture the complexities of the metabolic changes which occur in trauma (in relevant patients) and starvation (Table 2) , it is clear that the approach to the composition of TPN solutions for these patients should be either simple, or complex to the point where it is unmanageable.
Calorie source and amount is controversial. Infusion of glucose at rates greater than 6-7 mg/kg/minute may result in increased carbon dioxide production and oxygen consumption, and increased energy expenditure, lipogenesis and water retention. 14 One litre of 70% glucose per day approaches this figure for this patient.
TABLE2

Summary of metabolic effects of starvation, sepsis and trauma, and role of TPN
In practice, administration of this glucose load may not be tolerated without elevation of blood glucose concentration. In the nondiabetic, glucose infusion should be limited to an amount tolerated without the need for administration of significant amounts of insulin, since its use stimulates lipogenesis. Lipid, at high calorie intakes, is just as effective a calorie source as glucose, with the advantage that a lesser volume of fluid is required to deliver the same number of calories. In a study in which traumatised or septic patients were given TPN containing nonprotein energy as glucose alone, or as half glucose, half lipid to a total energy input of 151-158 kJ (36-38 kcal)/kg/day, with 280-290 mg N/kg/day, there was no significant difference in nitrogen balance between the two systems. 15 Use of lipid also minimises the increased oxygen consumption and carbon dioxide production which occur with glucose loads in catabolic patients. Even pancreatitis 16 does not exclude administration of lipid, provided it is being cleared from the blood, as evidenced by recording of normal plasma lipids prior to the next 8-hour infusion of lipid. Septic patients clear lipid well. Septic patients given up to 1.4 g lipid/kg/24 hours as part of their TPN did not have elevated blood concentrations of total lipids, triglycerides, cholesterol, phospholipids, or free fatty acids. 17 . 18 Daily administration of lipid prevents development of essential fatty acid deficiency.
Calorie:nitrogen ratio remains controversial. Cerra's group has proposed a range from a calorie:nitrogen ratio of 150: 1, with input of 1.0 g/kg/day Of amino acids, and 105 kJ (25 kcal)/kg/day (with 60070 of non-protein calories derived from carbohydrate), for starved patients, up to a calorie:nitrogen ratio of 80: 1 with input of 3 g/kg/day of amino acids, and 146 kJ (35 kcal)/kg/day (with 70070 of nonprotein calories derived from carbohydrate), for septic patients. 19 In this patient, this would work out at approximately 11715 kJ «2800 kcal)/day as 8368 kJ (2000 kcal) from glucose (1.0 litre 50070) and 3347 kJ (800 kcal) from lipid (0.5 litre 20070).
In an excellent review of energy and protein requirements of general surgical patients, Hill has categorised patients into four groups: normally nourished without stress (trauma or sepsis), depleted without stress, depleted and stressed, and normally nourished and stressed. He states that total energy expenditure in the different groups range from 151-218 kJ (36-52 kcal)/kg/day. 20 The presence of renal failure in this patient limits the amount of protein which should be given to a maximum of 1.0 kg/day, or 1.0 litre of 8070 amino acid solution. 21 Many authorities would opt for of this amount, and determination of calorie:nitrogen ratio and total caloric input then becomes confusing. It seems unlikely that a patient who is septic and immobilised, requires more than 8368 kJ (2000 kcal)/ day. 22 A patient who recovers and mobilises, can, of course, utilise much more once in the anabolic phase of recovery.
The composition of the amino acid solution best suited to a particular patient is debated, since it is difficult to relate different progress or outcome to any particular solution. Synthetic L-amino acid mixtures should be used, with an essential:nonessential amino acid ratio approaching 40070, and a branched chain:total amino acid ratio approaching 25070. Branched chain amino acids are believed to be important for several reasons, including reduction of the risk of hepatic encephalopathy, and improved nitrogen utilisation. However, it has recently been suggested that the ratio of individual branched amino acids may be more critical than the total amount, and that, of the branched chain amino acids, leucine is the most important. 23.24 Plasma protein solutions are often used to maintain serum albumin concentration in patients losing protein-containing fluids. They should not be used as an amino acid source.
Administration of sodium, potassium chloride, calcium, phosphate and magnesium is dictated by serum concentrations of these ions, supplemented when indicated by measurement of loss in urine and gastrointestinal secretions. It is common in the patient without renal failure to have to administer large amounts of potassium and phosphate, and magnesium if there is excess gastrointestinal fluid loss. In oliguric renal failure, high serum concentrations of all of these may mean that all wherea = mass (kg) of stool or ileostomy output in patient with intact small bowel; b = mass (kg) of small bowel fluid loss via fistula/stoma or duodeno-jejuno-colostomy; 2 = urinary loss. 25 Zinc is essential for many enzyme systems involved in intermediary metabolism. Adequate amounts cannot be provided as a contaminant of intravenous fluids, or by administration of blood products, and a clinical deficiency syndrome may develop within two weeks of commencing TPN. To await the appearance of mental apathy, depression, irritability, tremor, diarrhoea, alopecia, and skin lesions before giving zinc is analagous to awaiting cyanosis before giving oxygen, or hypotension before treating shock.
In an anuric patient with no gastrointestinal fluid loss, no zinc is required. If TPN is required for more than two to three weeks, or if the patient is already in a poor state of nutrition prior to commencement of TPN, other essential trace elements should probably be given 26 (Table 3) , although there is no satisfactory way of monitoring whether amounts given are appropriate.
Water-soluble vitamins should be given daily27 ( Table 4 ). The only real controversy at present is whether folic acid should be given daily intravenously or weekly intramuscularly, 
Daily vitamin recommendations and use (adult intravenous administration)
A.M.A. 46 Nichoalds 47 Bradley27 and whether it is stable in TPN solutions. Fatsoluble vitamins are probably unnecessary, with the exception of Vitamin K, in short-term TPN. More expensive and more complete vitamin preparations are available for patients on long-term TPN. The vitamin deficiencies most commonly overlooked, because higher than recommended amounts may be required, involve thiamine, deficiency of which interferes with carbohydrate metabolism in heart and neural tissue, and folic acid, deficiency of which results in a megaloblastic anaemia. 28 
Monitoring
In the Intensive Care setting, monitoring of TPN is relatively simple, since most of the requirements are met by well-established routines ( Table 5 ). Clinical assessment of the patient by the doctor, in terms of the state of function of the cardiovascular, respiratory, renal, and hepatic function and fluid/electrolyte balance is supplemented by routine nursing observations such as temperature, blood pressure, pulse and respiratory rates, and in more complex situations, by invasive cardiovascular measurements, ventilator parameters and blood gas estimations. Daily or more frequent estimations of blood biochemistry and fluid balance may be supplemented by biochemical analysis of urine and other fluid losses. Serum electrolyte concentations should be able to be kept within normal range ( Table 1) .
Interpretation of results is often difficult, since many factors may affect them, and their relationship to the adequacy of nutrition may be obscure. To give some examples:
Abnormalities of liver function tests may occur due to liver disease, to poor liver perfusion, to disturbed hepatic cellular metabolism in sepsis, to parenteral nutrition with excess glucose or with excess fat. 29 making regarding parenteral nutrition and administration of blood products. Serum albumin concentration is influenced by hepatic synthesis, which depends upon the adequacy of liver function as well as provision of amino acids and calories; by albumin degradation, and by loss of albumin in body fluids. 30 Serum electrolyte concentration may be influenced by many factors (Table 6) .
. Under appropriate circumstances, special investigations may be indicated, such as serum lipids to assess fat clearance, urine zinc loss, and correct estimation of nitrogen loss. Complex measurements such as those which indicate body protein turnover and whole body composition are research tools. Old traditional physiologic measurements of gas exchange and calorimetry have been rejuvenated 31 ,32 and, for those with a special interest, it is now possible to measure inspired and expired oxygen concentrations, expired carbon dioxide concentrations, and to calculate oxygen consumption, carbon dioxide production, and repiratory quotient. Indirect calorimetry has been used not only to measure energy expenditure, but also to quantify the fate of administered fuels. Resting energy expenditure can also be calculated using measurements of heat production and loss by partitional calorimetry. Outside of units with a major research interest in this area, justification of establishment of resources of this type is difficult.
Complications
Reported complications of TPN are legion. 33 Those related to catheter insertion correlate principally with the skill of the operator. Metabolic complications are usually avoidable if monitoring is meticulous. Apart from complications related to fluid, electrolyte and acid-base balance, the commonest metabolic problem is hyperglycaemia, which may occur because the glucose load is excessive, because the patient is diabetic, or for reasons such as stress, sepsis, or administration of steroids, glucagon or adrenaline. Sepsis is a complication of TPN, but in the acutely ill patient there are more often other sources than the TPN delivery system. Complications are listed in Table 7 .
Cardiorespiratory, liver and renal failure 34 Disease of major and essential organs often makes TPN more rather than less urgent.
Cardiac failure may limit the amount of water and sodium which can be given safely. The same may be said of respiratory failure, especially adult respiratory distress syndrome. Use of high carbohydrate loads may result in lipogenesis, with both increased oxygen consumption and increased carbon dioxide production. This carbon dioxide load, combined with respiratory muscle weakness from inactivity and hypophosphataemia, may make weaning from artificial ventilation difficult. 35.36 There is no evidence that use of Intralipid as a calorie source, to reduce carbohydrate calories, causes respiratory problems itself.
In renal failure it has been traditional for protein intake to be restricted, and for a small amount of essential amino acids to be given. Studies carried out between 1970 and 1980 suggested that there was a reduced mortality in patients fed essential amino acids, compared with those fed a mixture of essential and nonessential amino acids. However, several more recent studies show no difference between the two regimens. 21 An amount of 1.0 g/kg/day of amino acids, or 1.5 g/kg/day if the patient is receiving peritoneal dialysis, is recommended. The concept of using keto-analogues of essential amino acids to allow better urea nitrogen utilisation has largely been discredited. Calories may be given as both carbohydrate and fat. Hyperglycaemia may occur during peritoneal dialysis because of the extra glucose load it provides. Electrolyte balance requires careful maintenance, since increased serum concentrations of all of them may occur. Trace elements should be given only if there are body fluid losses. Vitamins should be given in usual amounts.
In liver failure, protein is normally not administered, although several recenl studies suggest that administration of branched chain amino acids improves hepatic encephalophathy.37 A specia-lly formulated mixture, rich in branched chain amino acids, and low in aromatic amino acids, has been claimed to have the same effect, but this has been challenged in other studies. In countries in which such solutions are not available, it is reasonable to give no protein to patients in liver failure. Patients with 'ICU jaundice', a not uncommon complication of critical illness, should receive normal amounts of protein as part of their TPN.
I
TOTAL PARENTERAL NUTRITION IN GASTROiNTESTINAL DISEASE
Reference has been made in the text to TPN in patients with pancreatitis and liver failure. There are several groups of patients with gastrointestinal disease in whom TPN has been used as a means of providing nutrition. Its use as the only effective means of nutrition has been proven in patients with short-bowel syndrome following surgery, radiation damage, and other conditions producing severe malabsorption. In most other conditions, including carcinoma of the oesophagus or stomach, Crohn's disease, ulcerative colitis, and intestinal fistulae, it is argued that enteral nutrition may in many cases be just as effective. Other, rarer conditions of interest are liver failure following jejunoileal bypass, and anorexia nervosa. Gastrointestinal fistulae 38 Prior to the introduction of TPN, the mortality of small bowel fistulae was in excess of 50%. Maintenance of good nutrition has reduced that figure to 10-20070 in different series. These are, of course, gross figures, since the chances of a fistula healing, with or without nutrition, relate to the type of fistula, its site, and whether or not there are surgical reasons why it will not close spontaneously. Oesophageal, gastric and duodenal fistulae usually close with TPN, provided there is no surgical reason why they will not, whereas jejunal and ileal fistulae are more difficult, and colonic fistulae the worst. Time taken for a fistula to close may be many weeks. In fistulae with high fluid loss, maintenance of fluid, electrolyte and acid-base balance is of the utmost importance. Because different amino acid solutions contain different amounts of electrolytes, it is important to consider the nature of the fluid lost from the fistula, and, if necessary, to measure its electrolyte content. Sodium and potassium abnormalities are readily correctable, but a progressing hypocholoraemic metabolic alkalosis may only respond to use of a high chloride, low acetate TPN mixture. Some of the newer amino acid solutions have quite a high acetate content. Inflammatory bowel disease 39 Both ulcerative colitis and Crohn's disease may cause abdominal pain, bloody diarrhoea, abscesses and fistulae. Malnutrition is a not uncommon accompaniment, with a starvationtype metabolism which responds well to therapy in the less acute phases of disease. This may change to septic-type metabolism in acute exacerbations with infection. Protein loss, blood loss and malabsorption complicate the picture. TPN allows the bowel to decrease both secretions and motility, while maintaining the patients' nutrition and avoiding or delaying operations. Crohn's enteritis responds better than Crohn's colitis, or ulcerative colitis, and many weeks of therapy may be required.
Small bowel bypass 40
Jejunoileal and jejunocolic bypass for obesity may be followed, up to several years later, by hepatic and renal failure. Liver function improves if TPN is provided, but resolution of the problem and of renal failure may require re-establishment of normal anatomy. Hepatic dysfunction is thought to be due to bacterial toxaemia from the blind loop, while renal failure in some patients is associated with renal oxalate accumulation. Malabsorption and diarrhoea may result in severe whole body depletion of a number of substances, including potassium, magnesium, folic acid and zinc. Anorexia nervosa 4 1,42 Anorexia nervosa is one of the more common causes of malnutrition in young women in developed countries. Mortality is currently said to be less than 2070 in major centres, although how many die from starvation is unclear. Nutrition via the gastrointestinal tract is ideal, but there are some circumstances in which TPN is more appropriate. In one recent study, weight gain during hospitalisation was found to be greater in a group receiving TPN and psychotherapy, than in another group receiving psychotherapy alone. The authors suggested two indications for TPN in anorexia nervosalife-threatening weight loss, and failure to respond to psychotherapy and hospitalisation. 41 If TPN is given to a patient with anorexia nervosa, it is essential to commence feeding gradually, after correction of fluid and electrolyte balance. As with any nutritionally depleted patient, deficiencies of potassium, phosphate, folic acid, and zinc especially, may Anaesthesia and Intensive Care. Vol. 13. No. 3, August, 1985 become manifest rapidly if high caloric nutrition is introduced. CONCLUSION Total parenteral nutrition in the critically ill patient who cannot be fed enter ally should be commenced as soon as, but not before, cardiorespiratory stability and correction of fluid, electrolyte and acid-base abnormalities have been achieved.
Protocols for certain aspects of the procedure must be established -e.g. central venous catheter care, monitoring routine.
A basic, simple approach to nutrition should be taken as a starting point, fitting in to the fluid volume acceptable to the patient the appropriate amounts of electrolytes required as determined by biochemical results. Trace elements (at least zinc), and vitamins, should be added. A basic amount of protein is 1-2 g/kg/day, and of energy, 8400 kJ (2000 kcal)/day, 50% as glucose and 50% lipid. From this basic stand, variations can be made based on logical reasoning, from the arguments presented in the literature. 43 The ingredients most often forgotten in TPN are zinc and folic acid.
A reasonable approach to TPN had been established, by the Scandinavians particularly, more than twenty years ago. Many of the socalled "developments" since then have resulted in more harm than good -Xylitol, sorbitol, fructose, fat-free hyperalimentation to name a but a few. Parenteral nutrition is "pushed" by industry, often stimulated by research workers, and finds itself in many blind (and expensive) alleys for every true path found. A reasonable, basic approach should only be deviated from when there is very clear evidence that new proposals are sound. ACKNOWLEDGEMENT The effort expended by Mrs. Marion Wallace in typing the manuscript expeditiously is gratefully acknowledged.
